AIm: NKN reduces brain edema, neuronal death and neurological deficits in rats after cerebral ischemia. In the present study, we investigated whether NKN was effective on brain injury in cerebral ischemia rats.
INTRODUCTION
Cerebral ischemia or stroke has been recognized as one of the leading causes of death and disability in many countries (3) . Previous study demonstrated that the middle cerebral artery occlusion occurred in 10-15% of stroke patients and resulted in the massive cerebral edema with raised intracranial pressure which finally progressed to coma and death (5) . Current knowledge regarding the pathophysiology of cerebral ischemia indicates that mechanisms contribute to loss of cellular integrity and tissue destruction. Mechanisms of cell damage include excitotoxicity, oxidative stress, free radical production, apoptosis and inflammation (6) . Naokangning (NKN) is a new compound preparation, which consists of ligustrazine, tanshinone IIA, paeonol, and peoniflorin. NKN is mainly used to treat cerebral infarction. To test whether NKN has neuroprotective effects on cerebral ischemia rats, the effects of NKN on activity of superoxide dismutase (SOD), concentration of malondialdehyde (MDA), and neurological scores were determined. Moreover, we also determined the effect of NKN on the Expression of N-methyl-D-aspartate receptor (NMDAR) and endothelin-1mRNA (ET-1mRNA) in brain in cerebral ischemia rats. In this study, we established rat middle cerebral artery occlusion (MCAO) model.
MATERIAL and METHODS
All procedures were approved by Shandong University Animal Care and Use Committee, and all efforts were made to minimize animal suffering and to reduce the number of animals used. Adult male Wistar Rats (weighing 300-350g, from Shandong University Laboratory Animal Center) were used throughout the study, and kept under controlled light and dark conditions and given food and water ad libitum.
Throughout the study, the investigators and veterinarian staff closely monitored the rats' health status. All chemicals and reagents were of reagent grade unless otherwise specified.
Stroke Model and Neurological Examination
The proximal right middle cerebral artery occlusion (MCAO) model was used as previously described (17) . A total of 40 animals were divided randomly into 5 groups: (1) shamoperated group, (2) model group, (3) NKN 1 group, (4) NKN 2 group, (5) venoruton group. All animals received treatments: (1) sham-operated group rats received equal volumes of saline solution; (2) model group rats received equal volumes of saline solution too; (3) NKN 1 group rats received intragastric administration of 100 mg/kg NKN; (4) NKN 2 group rats received intragastric administration of 50 mg/kg NKN; (5) Venoruton group rats received intragastric administration of 35 mg/kg venoruton. At one hour after being administrated, all animals were anesthetized by 2% pentobarbital sodium (40 mg/kg) injected i.p., and fixed. An incision was performed in the scalp and the musculus temporalis between eye and ear on the right side. Then, the head of the animal was turned to the left for easy access to MCA proximally to its origin at the circulus arteriosus. The temporalis muscle was sectioned and the zygomatic arch was carefully removed using a bone forceps. A subtemporal craniotomy was carried out using a dental drill and the dura mater was locally incised with a fine needle. Then the MCA was carefully elevated from brain surface by a hook mounted on a stereotactic frame. For permanent vessel blocking an electrically heated wire loop was used to disrupt and immediately occlude the MCA (MCA was not occluded in sham-operated group). The incisions were sutured using absorbable surgical threads and the wound surface was temporally anaesthetized by Lidocaine Hydrochloride Gel (2%, Zhizupharma Ltd, Beijing, China). Following the administration of 0.05 mg/kg i.m. penicillin, and then animals were taken back to their home cages to recover. Above procedures were performed at 25°C.
Neurological examination was performed carefully at 24 hr after MCA occlusion by an examiner who was blinded to the identity of these rats according to the Sederson's method with modifications. Neurological scale reads as follows: (1) The tail of the rat was lifted to observe the flexibility of the forelimbs, with both forelimbs symmetrically stretching forward scored as 0, and occurrence of left shoulder inflexion, elbow inflexion, shoulder intorsion in the contralateral forelimb opposite to the operation side scored as 4. (2) The animal was placed on a plane, and its shoulders were pushed to the opposite direction to check resistance, Equivalency and strong resistance in both sides was scored as 0, and reduction in resistance in the contralateral side was scored as 1-3 according to extent of reduction. (3) Both forelimbs of the rat were placed on wire gauze to observe the muscular tension. Equivalency and strong tension in both sides was scored as 0, and reduction in muscular tension in the contralateral forelimb was scored as 1-3 according to extent of reduction. According to the criteria above, the full score is 10, and the higher the score is, the more serious the behavior disorder of the animal is.
Measurement activity of SOD and concentration of MDA
Finally, the rats were anesthetized by sodium pentobarbital, then were killed by decapitation, and the brains were removed rapidly without cerebral and olfactory bulb. Brain homogenate was prepared. The concentration of MDA and activity of SOD in cerebral tissue homogenate were measured using an assay kit from Nanjing Jiancheng Bioengineering Institute (Nanjing, China) according to the manufacturer's protocol.
Histopathological examination
A total of 30 animals were divided into five groups: (1) shamoperated group, (2) model group, (3)NKN 1 group, (4) NKN 2 group, (5) venoruton group. All animals received treatments as mentioned above, at one hour after being administrated, they were anesthetized, and fixed. As mentioned above, all rats' MCA were occluded except sham-operated group. the rats were killed by decapitation, and the brains were dissected rapidly from the skull. The hippocampus was removed and sliced at 400 µm thickness. Slices were prepared from the middle third of the hippocampus in a plane perpendicular to the septotemporal axis. Slices were placed in 40mL neutral buffered formalin and fixed. Slices were dehydrated and embedded in paraffin (slice thickness 5 μm).
Immunohistochemistry
Paraffin slides were deparaffinized. Endogenous peroxidase was quenched in 3% hydrogen peroxide for 10 min, followed by rinsing in distilled water for 3 times. Tissue was then blocked in 5% goat serum, followed by incubation for 20 min at room temperature, and then the anti-human NMDAR1 monoclonal antibody at a 1:100 dilution was added and allowed to incubate at 4°C overnight. The next day the slides were rinsed 3 times for 3 min each in PBS. Biotin-goat antimouse IgG was added and then allowed to incubate at 37°C for 30min, followed by rinsing 3 times for 3 min each in PBS. Peroxidase streptavidin was added, followed by incubation for 20 min at 37°C. The slides were washed 3 times for 3 min each in PBS and diaminobenzidine (DAB) solution was applied and allowed to incubate for 20 min. The DAB was drained and the slides were placed in water for 5 min. Slides were counterstained in hematoxylin. The slides were then dehydrated and then mounting medium and coverslips were applied. The slides were scanned with image analyzer, and optical density values were determined.
In Situ Hybridization
Paraffin slices were routinely deparaffinized, and rehydrated. Endogenous peroxidase was blocked with 3% H 2 O 2 solution for 10 min. The slices were digested with pepsase containing 3% citric acid dilution at 37°C for 30 min, washed with PBS 3 times for 5 min each, rinsed with distilled water. Hybridization was carried out by applying the diluted probe to each slide section. Each slice was covered with a cover glass and
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incubated in a humidified chamber overnight at 37°C. On the following day, slices were washed 3 times in washing solution (2x SCC) at 37°C for 5 minutes each. The mixture(20 µl stabilizing buffer of hybridized) was dropped on every slice, which was placed for 6 hours in a wet cabinet, washed 3 times in washing solution (2x SCC) at 37°C for 5 minutes each. After being blocked with blocking solution, the slices were incubated with an rabbit anti-digoxin for 1 hour at room temperature, washed in 0.5mol/L PBS (3 x 2 min). Biotin-goat anti-mouse IgG was added and then allowed to incubate at 37°C for 30min, washed in 0.5mol/L PBS (3 x 2 min). SABC was added and then allowed to incubate at 37°C for 20min, washed in 0.5mol/L PBS (4 x 5 min). DAB solution was applied and allowed to incubate for 20 min. The DAB was drained and the slices were placed in water for 5 min. Slices were counterstained in hematoxylin. The slides were then dehydrated with alcohol and then mounting medium and coverslips were applied. The slides were scanned with image analyzer, and optical density values were determined.
Statistical analysis
All results were presented as mean ± standard deviation, and Statistical significance of differences was determined using unpaired t-test, with P<0.05 considered statistically significant.
RESULTS

Neurological Examination
The results of neurological examination for the cerebral ischemia study groups are reported in Table I and Figure 1 . Neurological deficit score of model group increased. Compared with sham-operated group, there was significant difference in neurological deficits score between shamoperated group and model group; Neurological deficit score of NKN group obviously decreased, there was significant difference in neurological deficits score between NKN group and model group.
Measurement activity of SOD and concentration of MDA
The results were shown in Table II, Figure 2 and Figure 3 . Compared with Sham-operated group, the activity of SOD of model group decreased, the contents of MDA of model group increased. There were significant differences between the 2 groups (P<0.01) through the statistics analysis; Compared with model group, the activity of SOD of NKN groups increased, the contents of MDA of NKN groups decreased, and there were significant differences between NKN groups and model group (P<0.01) through the statistics analysis.
Histopathological examination
sham-operated group: Image showed that morphology and structure of neuronal cell with abundant, uniform and lightstained endochylema was normal, nuclei were spherical or elliptical, and obviously visible, without degenerative and necrotic morphological changes of neuron, gliocyte, vascular endothelial cell, and changes of hyperaemia, edema and cerebromalacia focus. 
Ischemia model group:
Image demonstrated that there was severe damage in ischemic area, cell body and nuclei showed severe pyknosis and were darkly stained, and it isn't easy to distinguished nuclei from endochylema, the neurons in hippocampus obviously degenerated, intercellular space was 1 time larger than cell body. nKn 1 Groups: Image showed that morphology and structure of neuronal cell with abundant endochylema was normal on the whole, nuclei were spherical or oval, and nucleoli were relatively clear, a few neurons in hippocampus had degenerated, part of cell body and nuclei showed pyknosis, intercellular space appeared and was nearly 50% cell body. nKn 2 Groups: Image showed that morphology and structure of neuronal cell with abundant endochylema was relatively normal, nuclei were spherical or oval, and nucleoli were slightly clear, some neurons in hippocampus had degenerated, part of cell body and nuclei showed pyknosis, intercellular space appeared and was 50% cell body.
Venoruton group: Image demonstrated that morphology and structure of neuronal cell was abnormal, nucleoli were not clear, a few neurons in hippocamp had degenerated, cell body and nuclei showed dark stained pyknotic , intercellular space was 50%-100% cell body (Figur 4).
Immunohistochemistry and In Situ Hybridization
The results were shown in Table III, Figure 5 , and Figure 6 . Compared with Sham-operated group, level of express of NMDAR and ETmRNA-1 of model group obviously increased, and there were significant differences between the two groups (P<0.01) through the statistics analysis; compared with model group, level of express of NMDAR and ETmRNA-1 of NKN groups obviously decreased, and there were significant differences between the two groups (P<0.05, P<0.01) through the statistics analysis. The results are shown in Table III .
DISCUSSION
The brain consumes a large quantity of oxygen because of the high metabolic rate of neurons, making it particularly susceptible to oxidative stress. Under normal physiological conditions, there is equilibrium between the antioxidants and oxidants produced by aerobic cellular systems. A number of studies documented that ischemic stroke was associated with increased production of free radicals in animal and human models (8, 15, 1, 16, 4, 14, 13, 19) . There is a consensus of opinion that the brain ischemia-induced free radicals are capable mediating neuronal degeneration and death and are possibly involved in the pathogenesis of neuronal death in neurodegenerative diseases. Lipid peroxidation readily decomposes to liberate carbonyl fragments, the most prominent being MDA, which are highly reactive and responsible for cytotoxic effects and neuronal death. MDA level is widely used as a marker of lipid peroxidation in states of elevated oxidative stress. SOD is considered to be a key constituent in oxidative stress. The reported abnormal alteration in SOD activity in cerebral ischemia may further aggravate disorders of the brain. In the present study, the activity of SOD in the ischemic hippocampus and cerebral cortex markedly elevated, which is consistent with some studies (9, 10).
In cerebral ischemia, energy failure induces membrane depolarization and release of various neurotransmitters, such as glutamate and aspartate (2), which cause a marked influx of Ca 2+ into postsynaptic neurons. A series of these events provokes the catastrophic enzymatic process leading to irreversible neuronal damage (12) , such as degradations of DNA, protein and phospholipid.
After an ischemic stroke the levels of ET-1 is increased in plasma, cerebrospinal fluid and cerebral tissue (7, 18) . In addition, exogenous ET-1 is able to decrease cerebral blood flow to levels that induce ischemia (11) .
The present study showed that NKN improved activity of SOD and decreased content of MDA in in cerebellar tissue in cerebral ischemia rats, which alleviated oxidative damage. It was unequivocal from this study that NKN can decrease the number of NMDAR in brain tissue in rats after cerebral ischemia by inhibiting expression of NMDAR, thus reduced neuron damage induced by excitatory amino acids (EAA), accordingly, decreased toxicity of EAA. In addition, it was obvious from this study that NKN can reduce production of ET-1 by inhibiting expression of ET-1mRNA, thus increased blood supply in ischemia area. In conclusion, NKN can reduce 
